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OR A WB» WITH F0IX-6FM. FIAPS IB THB 

IAMOR X9-S00T SRE3SUHE TOKJEL 

By Oven J. Boten end Robert T. Buasell 

sunns 

TMtn of a partial-span model of a. large "bomber-type airplane 
wn conducted to determine the aerodynamic characteristic« of the 
wing equipped with full-spaa flapa end a retractable spoiler and 
aileron lateral control system. The arrangement consisted of 
(1) a doable slotted flap extending over approximately 86 percent 
of the vlng semlspan, (2) a 20-percent conatcnt-percentace-chord 
aileron extending from the oufbccrd end of the flap to the vlng tip, 
and (3) a retractable spoiler, located at the 65-percent wing-chord 
station and extending fron approximately 63 percent of the wing 
semlspan to the wing tip. In addition, teste were node of a wing 
vent (of 1 and 2 percent of the wing chord located directly 'behind 
the spoiler), perforations in the spoiler, a slot or cut-out along 
the lover edge of the spoiler, end spoilers of various spans. 

With full-span flaps deflected and with the 2-porcent vent open 
or closed the initial stalling of the ving occurred at the tips, hut 
with the vents closed there probably would he no appreciable loss In 
lateral control until maximum lift wtie retched. '.Che 1-percent vent 
increased the rolling effectiveness of the spoiler at sua.ll spoiler 
deflections, particularly at high angles of attack with flaps 
deflected. With flaps deflected the 2-percent vent caused a large 
reduction In hoth the wing lift and rolling effectiveness of the 
spoiler at large angles of attack. However, at snail angles of attack 
the 2-percent vent Increased the rolling effectiveness of the spoiler 
at small spoiler deflections. The simultsneoiia operation of the 
spoiler and vent (in contrast to a vent fixed in the wing) would result 
In a large increase in the effectiveness of the spoiler and would 
avoid any loss in wing lift as In a fixed vent arrangement. 

The teats of the spoiler acdiflcations revealed that (1) the 
spoiler porf orations reduced the rolling-moment and yawing-vomant 
coefficients hut caused the spoiler hingo-monwnt coefficients to 
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pitching* at, rolling' ad yawing coefficients apply 
to a osntar»of«gravity location 85 percent of and 3 percent helov 
the naan aerodynamic chord In the plane of eyametry. 

The coefficients and symbols used in this report axe defined 
aa follova: 

•V 

lift coefficient 

drag coefficient (i) 
pitching-moKent coefficient 

rolling «moment coefficient 

yawing-raauent coefficient 

spoiler hinge-mcment coefficient 

aileron hinge-Daunt coefficient 

I&t 

drag 

pitching moment 

rolling moment 

yawing moment 

spoiler hinge moment, positive 
more positive spoiler deflection 

when tending to produce a 

aileron hinge mcment, positive when tending to produce a 
more positive r.ileron deflection 

dynamic pressure 

wing span 

wing area 

M 
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o1 

Y 

P 

a 

Ü 

°a 
c 

«sVe 

airspeed 

•N density of air 

velocity of sound 

viscosity of air 

aileron chord 

trine chord 

Segment 5 5 /%. 

1 »% 
t„oB db8 

V» 

a 

»f 

\ 

«a 

spoiler thlcSness, normal to spoiler svrface 

spoiler-segment span 

inboard end of spoiler sequent 

outboard end of spoiler segment 

spoiler mean radius (fig. 8) 

product of aileron root -mean-square chord squared and 
aileron span 

angle of attack of root chord, degrees 

full-span-flap deflection, degrees 

inboard-flap deflection, degrees 

outboard-flap deflection, degrees 

•polier deflection, degrees, negative 
deflected up 

spoiler la 

aileron deflection, degrees, positive «hen trailing edge 
la moved down 
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Nodal ana Installation 
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Xbe modal alnulatea the outboard ol»,6" percent of tha left wing 
of a projected large bomber-type airplane. Hw Installation of tha 
model la the tunnel and the general dimensions of the model are 
shown In figures 1 to k. 

A small sap (O.09 +C.03 In.) was maintained constant between 
tha vlns *nd reflection plane by an automatic telescoping section In 
the root end of tha modelt This mechanism was Inoperative for moat 
of the teste of tha spoiler and aileron, during which the gap was 
approximately O.53 Inch. However, this Increase In the size of the 
gap would not be expected to have any measurable effect on the rolling- 
moment, yawing-moment, or hingelacment characteristics resulting from 
deflection of the spoiler and aileron. 

Wie aerodynamic forces and momenta on the wing model were 
measured by meana of a six-component simultaneously recording balance 
aystorn. The hinge raomants of the spoiler and aileron were measured 
by means of electric strain gages. 

Hint." nie wing model was not a true semlspan but represented 
that part of the airplane wing outboard of the ving-fuselage Juncture 
of the projected airplane. The aspect ratio and taper ratio for the 
airplane wing are 11.09 and 0.25, respectively, «harass the partial» 
span model mounted in conjunction with the reflection plane simulated 
a wing of aspect ratio 10.& «nd taper ratio 0.26.   The airfoil 
sections were the MACA 6"3(»»2o)-te2 at the root and the MACA .33(420)-517 
at the tip. Hie wing had 12.15° sweepback of the quarter-chord lino, 
2° dihedral, and 2° aerodynamic washout between the root und tip. 

Wing vent.- One dimensions and geometry of the wing vent are 
shown In figure k.   She vent width could be adjusted to a value of 
either 1 percent or 2 percent of the wing chord. 

Wlmj flaw.- The full-span double slotted flap consisted of an 
Inboard (from wing root to outboard nacelle) constant-chord flap and 
an outboard constant-percentage-chord flap. Typical sections of the 
Inboard and outboard flaps are shown in figures 5 and 6,  respectively« 

mm.m  * 
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Bpollar.- The spoiler «trfU» retractable oircular-are type, 
and the arrangement and details are shown tn figures U and 7 to 9« 
Ike spoiler, located at the 05-percent wing-chord station, «as 
composed of five separate segments. The span (perpendicular to the 
plans of symmetry) of each segment and Its Identification are ßivon 
as follows, beginning with the outboard segment: 

Spoiler segment 
Spoiler span 

(percent complete 
wing semlspan) 

1 
2 

I 
5 

lw8 
5-5 
O.l 
7-0 
7 A 

The dlatanoe between each spoiler segment was approximately 
oM percent of the complete ving semlspan, thus the spoiler vas 
approximately 32.6 percent of the complete wing semlspan. Each 
sequent vas attached to a common actuating shaft through which the - 
deflections of the spoiler vero remotely controlled* Any segment or 
combination of segments could be detached from the actuating shaft 
and fixed in a neutral position (flush with the upper surface of the 
ving). The spoiler could be deflected in a negative (upward) direction 
only; the relation betweon the deflection of the spoiler and its 
projection above the upper surface of the ving is given in figure 8. 

Spoiler modifications.- The modifications to the spoiler 
consisted of perforations in the npoiler plate end a email cut-out In 
the lover edge of the spoilor plate which formed a slot between the 
spoiler and the upper surface of the ving at full deflections of the 
spoiler. The dimensions and location of these modifications to the 
spoiler are shown in figure o. The spoilsr vas constructed of a 
basic (0.051-ln. thiclc) plate and a removable (O.ClS-in. thick) plate 
fixed to -the forward face of the 'basic plate. The basic plate 
contained both of the modifications (perforations and slot); and 
removable plates were provided which contained eithor of these 
modifications, or both, or excluded them. By coubining the various 
removable plates vith the 'basic spoiler plate, modifications to the 
spoiler were effected. A further modification to the spoiler 
consisted of a bevel on the upper surface of the spoiler as shown in 
figure 9. 

Aileron.* The aileron vas a 20»percent constant-percentage-chord 
aileron having an internally sealed aerodynamic balance of 1*5 percent 
of the aileron chord behind the hinge. The aileron extended from the 
outboard end of the flap to the wing tip as shown in figure k.   The 

• --»• ::•: 
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aileron upper end-lover caxfaoM «am straight sided aa shewn In 
figure ID.   The Installation at the aileron strain gage at the 
Inboard end of tha aileron prevented tho Internal balance fro* 
extending over the inboard end approxlmatley h percent of the aileron 
•pan.   AB a result of leakage at the Inboard oad of the balance the 
full effeotlveneee of the balance was probably not obtained. 

Toets 

The tests of the wing were divided Into two groups»   (1) the 
tests to detomino the lift, drag, pitohlne-ocment and stalling 
ohanoterletlas of the wing, and (2) the tests to determine the 
rolllng-aonent and yawing-mcaent charaaterlstios of tho wing and 
the hinge-moment characteristics of the spoiler and aileron. 

The dynamic pressure for the toste, occluding those for scale 
effect, was approximately 105 pounds per square foot which corresponds 
to a Reynolds number of approximately 3,900,000 and a Mach number 
of approximately 0.18.   The density of the aiaiosphere was maintained 
at approximately 0.C050 slug per cublo foot.   The reuse or angles 
of attack was frcm -it   through the eagle of mrtmum lift.   The 
range of deflections of the aileron was 120° and of the spoiler, 
0° to -57.9° (vhloh corresponds to a mmrtimnn projection of O.0970). 

CORHECTIOIE AND ACWBACT 

The corrections to the measured characteristics wore determined 
by the methods of reference 2.   Although the methods of reference 2 
were derived for conventional ailerons, no appreciable error is 
Introduced by tholr application to spoiler controls.   Tho corrections 
to the unaorreoted coefficients wero oh'mined from the following 
relationships: 

^-^unoorrected*0-01^2 

* - «unoorreoted + O**** 

T*    ^"uno orreoted 
+ 0.03U1I0J, 

Cl - 0.8» (ci^^^ - cltaM) 

^"Suu.orrected-S^-0-0^^ 

r 
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ft» valuta of lift, «rag, and pitohincwamt coefficient have 
not hetn. corrected for tin tar» ana interference oftecte of the 
eupport strut eyetem ana. therefore axe not exact. Incremental values 
of theae coefflclenta aa veil aa the ahaolute valvae of rollinß- 
moment, yaving-moaent, and hinge-moment coefficient are considered 
to he accurate. rihe estimated limits of accuracy for the teat data 
presented herein vere aa follows: 

ACt    «0.01 

t* Ü0.0008 

tfi  to .003 

CT   40.001 

cn 35.0005 

C^  10.015 

Ch,  *>.! 

a, degree  tO-1 

oa, degrees .  ±1-5 

oft, degree  *1.0 

BESOUIS AED TJISCHESIOH 

The raeulta of the taste are presented in figures 11 to 33. 
The aerodynamic characteristics of the wing with full-sien double - 
slotted flaps are presented first followed hy tho characteristics 
of the vlng far various conficur&tlona of the apoiler and aileron. 

Aerodynamic Characteristics of the Vine with 

Bull-Spaa. Douhl* -Slotted Slaps 

»feet of the flan and vent.- The aerodynamic characteristics of 
the «lag for various configurations of the flap and vlng vent are 
given la figure 11. Deflections of the full-span flap produced no 
ahnormal changes In the aerodynamic characteristics of the wing. 
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The effect« of opening ite-2-jereaa* mt «n —11 at nngles 
of attack IMB than approxünvb»ly 8°. The lift coefficient xaa 
decreased, the drag coefficient (for a given Uft coefficient) «a» 
increased, and the pitdiiar.-racaent coefficients becaae lese negative. 
At angles of attack greater than 3° these changes In lift, drag, and 
pitchiag-maaent coefficient reaultlng fron the vent were Staate 
increased, particularly far large flap deflections. 

The increments In asxlnam lift coefficient betveen the flat 
neutral, '••wot-closed. confiüuratlar.,and various flap aad 2-percent 
vent configuration* axe given l& the following table: 

Flap 
deflection 

(fee) 

2-percent - 
vent condition 

aax 

% Closed 0.55 

20 Open .50 

5C Closed 1.15 

50 Open •93 

Of particular Interest is the larye decrease In unixm lift 
coefficient (c.22) caused by the vent with flupe deflected 50°. 

SäamiCa characteri.stj.es.- She characterlstice of the vlng stall 
for several configurations sf the full-span flap and 2-percent vent 
axe given la figure 12. With, riups neutral and vent closed the stall 
began at the outboard nacelle, spread iorwri and toward the tip, and 
gradually enveloped the spoiler and aileron, the stall over the 
Inboard part of the vine followed that over the outer panel. With 
flaps deflected the general stall pattern remained the same but the 
stall over the outer wing panel occurred abruptly at maximum lift; 
.the inboard part of the wing renr.ined uns called until after max law 
lift vao reached. Opening the 2-percent vent caused the vine to stall 
at a such lower '-ngle of attack in the region behind the upoller. 

Because of the abrupt sta.ll of the win& vith full-span flaps 
deflected and vent closed there vould probably be no appreciable loss 
In lateral control until maximum lift was reached, ulnoe the wing has 
a moderate amount of eweepbeek, the loss in lift due to stalling of the 
wing tips would be detrimental to the longitudinal stability of the 
airplane. 

•<3k »W^*^J» *> 
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Aerodynam1c Cheracterlatlce of the Wine for Various 

Configuratione of the Spoiler sad Aileron 

One of the wain objections to spoiler control arrangemente has 
been the tine delay or lac between the deflection of the spoiler and 
the development of the resulting rolling moment, ether objections to 
spoilers of the circular-arc type are their ineffectiveness at small 
projections (particularly with flaps deflected) and small hinee 
moments. Because of the relatively high speeds of the projected 
bomber airplane and the rearward location of the spoiler (&5-percent- 
chord station), lag is not expected to be a serious problem. At lev 
speeds, however, some lag nay occur. In order to reduce the lag and 
Ineffectiveness of the spoiler at low speeds a vent (between the upper 
end lower surfaces of the wing) vas located inmedietely behind the 
spoiler. ThiB vent would tend to open only as the spoiler deflects. 
She effects of e. vent in improving the spoiler la£ and ineffectiveness 
are demonstrated In references 3 and h.   Although it wan not possible 
to detemlne the spoiler lag in the present tests, the effects of 
vents of 1 percent and 2 percent of the wing chord on the aerodynamic 
characteristics of the win,; and spoiler were determined. The aileron 
at the tip wrs intended to red-ace the lag and increase the effectiveness, 
as well as to improve the hln^e -ncjnent characteristics of the system. 
The tests of tie perforations, slot and spoiler bevel were made to 
provide further means of improvlne the characteristics of the spoiler. 

In the arrangement of the aileron and spoiler, the aileron was 
operating in the wake of the spoiler. This condition could cause 
serious buffeting of the aileron and teats were made therefore to 
determine the characteristics of ehe spoiler with that part of the 
spoiler directly in front oi' the aileron removed. 

Characteristics of the ^jleln gpoj^pr.- The characteristics of the 
plain spoiler, with flaps neutral and deflected,are shown in figures 13 
and Xh.   With flaps neutral, the variation ef rolling-lacment coefficient 
with epoiler deflection was approximately linear. With flaps deflected, 
a marked Increase in the rolling effectiveness of the spoiler occurred 
between spoiler deflections of -50 and -10°. As the spoiler deflection 
was increased beyond -10°, the rolling-nrment coefficients continued 
to Increase but the slope oi" the curve vas greatly reduced. At low 
angles of attack with either flap configuration the yawing-moment 
coefficients were favorable (of the same sign as the rolling-nonent 
coefficient) and varied linearly with spoiler deflection. At high 
angles of attack the yawing-mocent coefficients were adverse at low 
spoiler deflections, particularly with flaps deflected. The adverse 
yawing-moments occurred when the adverse induced yawing moment due 
to the chance in induced drag with deflection of the spoiler exceeded 
the favorable yawing moment caused by the change in profile drag with 
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deflection of the spoiler, ttas, at high angles of attack «torn tiu 
Induced yavlng moment was large (»luce it «as dependent upon UM 
vlag litt es well ae ttw roUtnc effectiveness) the total yawing 
moment vaa adverse. This condition vea «ore pronounced with flaps 
deflected as indicated V/ the large Increase in rolling effectiveness 
at spoiler deflections hotveen -5B and -10°. With flaps neutral. the 
rolling-rocBBtit and yawing-moment coafflcienta decreased as the angle 
of attack was Increased; however, vith flaps deflected, the yevlng- 
moment coefficients decreaoed hut the rolling-moment coefficients 
Increased as the angle of attack was increased. 

The aileron hinge-moment coefficients hecane more negative ae tha 
apoiler was deflected from -2.5° to approximately -10° hvt remained 
approximately constant vith further spoiler deflection. This change 
in the aileron hinge moments resulted from the Increase in tha negative 
pressure over the aileron when the speller was deflected. The change 
In tha hinge-moment coefficients vue greatest at small angles of attack 
and large flap and aileron deflections. 

In general for all configurations the variation of spoiler hinge* 
moment coefficient with spoiler deflection was ixveßulor and the values 
of the coefficients were negative (tending to produce greater spoiler 
deflections) • However, at high angles of atteck the nayiitude of the 
coefficients and the Irregular variation were reduced. 

Effect of the 1,-percent vent.- The effect of the 1-percent vent 
on the characteristics of the plain spoiler was determined from a 
comparison of figures 13 and 15 for flapB neutral and figures l1* 
and 16 for flaps deflected. With flaps neutral the vent slightly 
Increased the rolling effectiveness of the spoiler at small spoiler 
deflectiona (less than -10°) and decreased the effectiveness at large 
deflections. Vith flaps deflected the increaoe In spoiler effectiveness 
at small deflections waa much greater, particularly at hifh angles of 
attack, whereas the reduction in effectiveness at large spoiler 
deflections was negligible. The vent had no effect on the yawing "moment 
coefficients. 

As was the case for the plain spoiler configuration, the aileron 
hinge moments usually hecaiae more negative.as the spoiler deflection 
was increased. The incremental change in the aileron hinge-noment 
coefficient (with spoiler deflection) was a measure of the increase 
In the negative pressures in the region hehind the spoiler. The effect 
of the 1-percent vent waa to reduce the change in aileron hinge -moment 
coefficient resulting from deflection of the epoilor. This effect of 
the vent (which indicates a reduction in the negative pressure behind 
the spoiler) occurred, in general, et seller deflections lees than -10°, 
end was consistent with the inore&se in effectiveness of the spoiler 
at small deflections. It should he noted, however, that the aileron 
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hlags-maupt ooefflelento wn an Indication of the ewAltlcM 
existing behind the outboard section of the apoller only, and were 
not necessarily representative of the conditions over the entire 
•poller. 

The 1-percent vent had no appreciable effect on the hinge - 
characterlBtlce of the spoiler. 

•Effect of the 2-percent vent.- 'iTso effect of the 2«percent vent 
was determined from a comparison of f5^wee 13 and 17 for flaps neutral 
and figures lU and 18 for flapo deflected.  At low anales of attack 
vlth flaps neutral and deflected the effect of the 2-percent vent on 
the rolling-moment and y&wlnciaanont characteristics was similar to 
that produced hj the 1-percent vent. However, at small Bpoller 
deflections, the 2-percent vent wee more effective la increasing tho 
rolllng-iaomcnt coefficients than was the 1-percent vent. At hl($h 
angles of attack, partlcul/irlj with flaps deflected, the 2-percent 
vent greatly reduced the rolling -moment and y-wing-moment coefficients. 

The aileron hlnGe-moment characteristics with the 2-porcent vent 
were similar to those of the 1-percent-vent configuration. At high 
ancles of attack with flaps neutral or deflected the reel«1 'behind the 
vent was stalled and consequently tho change in the aileron hinge- 
mement coefficient with spoiler deflection was small. 

The 2-percent vent had no appreciable effect on the spoiler 
hinge-moment coefficients vlth flaps neutral, m the flap deflected 
configuration, however, the spoiler hin^e -moment coefficients become 
slightly more positive at small spoiler deflections as a result of 
the vent. 

Effect of simultaneous o-jerr.tlon of the spoiler and 1-percent 
or 2-nercent vonto.- In figures 15 to 1» tho data were obtained for 
an arrangement in which tho vent is fixed in the wing.. When tho vent 
is not fixed "out opens as the spoiler deflects, the loss in lift 
caused hy the vent vrill occur only ove*- tho vine panel on which the 
spoiler Is deflected, thus au'j&enting the rolling effectiveness of the 
spoiler. The data for this a^anßenent -vve shown in figure 19, In 
which it is assumed that tho 2-percent jeut would open instantaneously 
as the spoiler 'began to deflect. It should he noted that tho rolling- 
moment coefficients indicated at neutral spoiler deflection would not 
he obtained in a practical cr.se heceuae the vent would not open 
instantaneously hut at some finite rate an the spoiler deflected. The 
effect on tho rolling -moment and yawing-mcaent characteristics of the 
2-percent vent in this arrangement was determined hy a comparison of 
figures 13 and 19(a) for fla^3 neutral, and figures Ik and 19(b) for 
flaps deflected. At all anjles of attack end flap and spoiler 
deflections the rolling effectiveness was Increased. The greatest 
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increase occurred at high angles of attack vlth flap« deflected 
«hare the large lc«s In lift as a result of the Tent (as shown In 
figure 11(a)) greatly Increased the rolling effectiveness at email 
spoiler deflections. 

Inasmuch Re the effect of instantaneous operation of the vents 
can to represented as a constant increment of rolllncincamt and 
yaviiv; -moment coefficient the characteristics for the 1-percent 
vent are not presented in figure form} however, the increments In 
rolling -moment and yaving-mcraent coefficients produced toy tooth the 
1percent and 2-percent vents are presented in the following tatolei 

Flap 
deflection 

*f 
(4»6) 

Angle 
of 

attack 
a 

(feg) 

1 percent vent 2-percent vent 

&l ^n *C1 ^n 

0 
0 

50 
50 

3-9 
13.2 

12.3 

-0.0032 
-.0033 
-.0032 
-.C0-=I2 

-0.0001 
-.COOU 
-.0002 
-.cool» 

-O.005U 
-.PC50 
-.0050 
-.03WS 

-0.0C0J» 
.0005 

-.0005 
-.0013 

The increments in rolling -moment and yawing lucnent coefficients 
produced toy the 2-percent vent were consideratoly greater than tliose 
produced toy the 1-percent vent psrticvu.ar.ijr at high angles of attack 
with flaps deflected. 

It is evident fron these data that a vent toehlnd the spoiler 
Bust operate in conjunction vith the spoiler in order to avoid increases 
In drag and serious losses in tooth the lift of the airplane and rolling 
effectiveness of the spoiler. 'Diese effects have toeen demonstrated 
in reference 5 vhere the simultaneous operation of the spoiler and 
vent was accomplished toy the wae  of a plui,-type spoiler. 

Effect of the m>oilei- perforations. - The effect of the 
perforations on the cpoilor and aileron characteristics was determined 
from a comparison of figures 13 and 20 for flaps neutral and figures lU 
and 21 for flaps deflected. With flaps neutral and deflected the 
perforations generally decreased the rolling-moment and yawing-moment 
coefficients. 

The aileron hinge-moment: coefficients were not greatly affected 
toy the perforations. At spoiler deflections greater than approxi- 
mately -25 the aileron hinge •moiuent coefficients were slightly less 
negative for the perforated spoiler. 

i.    •   . 1. 
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IS» spoiler hingeiaoment characteristics vere greatly Uqrorvd. 
as a result of the pert orations. The effect of the perforations 
vero (1) to reduce greatly the erratic variation of the nine*fitment 
coefficients vith spoiler deflection, end (2) to reduce the hinge- 
moment coefficients at snail deflections end to produce positive 
hinge*noaent coefficients at large speller deflections. 

Iffact of the ynoller slot.- The effect of the spoiler slot on 
the characteristics of the spoiler end aileron vere determined from 
a comparison of figures 13 and 22 for flaps neutral and. figures lb 
and. 23 for flaps deflected. The effect of the slot on the rolling- 
moment and yavlnc -moment characteristics vas generally small; the 
rolllnctwsaent coefficients vere slightly reduced at the maximum 
deflection of the spoiler. The slot had no notable effect on the 
aileron hinge taoment coefficients. 

The spoiler hinge-moment coefficients vere, In general, xmaffocted 
by the elot at spoiler deflections less than -w°. At cpoller 
deflections shove -Uo° the hinge-moment coefficients became more 
positive. 

Z&SS&S of.comhJLW^oBP g£ yoptg., perforaflpno, M& ÜS&-" The 
effect of the perforationB end 1-percent vent on the characteristics 
of the spoiler and aileron avo determined from a comparison of 
figures 13 and 21* for flaps neutrr.l and ficures lb end 25 for flaps 
deflected. The combined effect of the perforation, 1-percent vent, 
and slot are determined frou a comparison of figures 13 and 26 for 
flaps neutral and figures 1-v nnd 27 for flaps deflected. In general, 
the effects of the modifications on the rolling -moment, yaving,-moment, 
end, hinge-mement characteristics of the spoiler and aileron were 
additive. That is, the individual effects of each modification 
discussed, previously add to form the characteristics of the spoiler 
and aileron for eich of the various combinations of the 1-percent 
vent, perforations, and slot. 

Effect of the spoiler bevel.- The effect, of the 17° bevel on the 
characteristics of tho spoiler end. aileron are determined from a 
comparison of flitres 2$ ana. 28(a) vith flapn neutral and figures 27 
and 28(b) with the flap.? deflected. Tho si^nifleant effect of the 
spoiler bevel vas an appreciable reduction in the spoiler hinge - 
moment coefficients at large deflections of the spoiler. The reduction 
In the spoiler hinpetncwent coefficients became creator as the anglo 
of attack increased nnd sjaovnted to approximately 35 percent at the 
highest angle of attack. Further reductions could be made by placing 
bevels on the perforation holes, particularly those near the upper 
edge of the spoiler. 

-•'. -^S^a^B^r • Sß*: w* ',.^ -^^^^.W*»^*^^ ' 
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BMUCT. cliarMtwrtBttM, Ig, m iMmn On rawflmnrtHiM'- 
The characteristics of the spoiler with full-open flaps deflected 80° 
end vith partial-span flaps deflected 500 axe presented In figure 29. 
With full-span flaps deflected 20 the rolling-moment and yeving- 
mcment coefficients were considerably greater than with flaps neutral» 
The characteristics of the spoiler vith partial-span flaps were, 
approximately the seae es vith the flaps neutral. Thus the increase 
in spoiler effectiveness vith Increased flap span appears to he 
directly dependent on the lift over that part of the wing spanned by 
the spoiler. 

inasmuch as the rolling effectiveness of the spoiler for either 
flap configuration 1B not appreciably increased b? the aileron, the 
effectiveness of the spoiler with flaps deflected ml^ht he greatly 
Improved by extending the span of the flap to the wing tip (providing 
the aileron can successfully he eliminated). A further advantage of 
such an arrangement would he en Increase In the maximum lift of the 
vlng. 

Effect of Bnoller atien.- The characteristics of the spoiler and 
aileron with the two outboard sejjnents (directly in front of the 
aileron) removed are given In figure 30 for flaps neutral and in 
figure 31 for flaps deflected. The characteristics of the spoiler 
and aileron for verious combinations of spoiler segments with flaps 
neutral and deflected are presented in figures 30 and 31. The 
rolling "weeient and yawing -moment coefficients were reduced approxi- 
mately in proportion to the reduction in spoiler span with flaps 
neutral. In the flap deflected configuration the reduction in rolling 
and yawing effectiveness was a much smaller percentage of the total 
rolling -mcment and yawingincinent coefficients. The spoiler hinge - 
moment coefficients became more negative at small spoiler deflections 
and more positive at large deflections• The upfloatlng tendency of 
the aileron resulting from deflection of the spoiler was practically 
eliminated. 

S 

The characteristics of the spoiler and aileron for various 
combinations of spoiler eegnexrts with riaps neutral and deflected 
are presented in figures 32 and 33, respectively. The effect of 
progressively removing the spoiler segnento from the inboard end of 
the spoiler (fits- 32 and V.) was to reduce the rolling -moment and 
yawing -moment coefficients produced by the spoiler. The reduction 
in effectiveness of the spoiler as a result of removing each segment 
for all configurations was approximately proportional to the span of 
the segment with the exception of the two outboard segments in the 
flap-deflected configuration whore the reduction was considerably 
smaller as noted previously. 

"<*• '••"i t££*\"~- 't ••*. •••••'•• -.''    . -;'* '* 
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torn siXsron hinge momenta became H» positive at emll 
spoiler deflections and more negative at large deflections as a 
rseult of progressively reducing the spoiler span, particularly In 
the flap-deflected configuration. 

Except far the outboard segment alone the spoiler hinge-moment 
ooafflolanta generally became more negative as the Bpoller span vaa 
progressively reduced. The hinge-moment characteristics of the 
outboard segment alone '«ere rather erratic« 

SCMMMtt OF KESOKCS 

The significant teat results of the spoiler-pllot-ailsron 
arrangement Installed an the model of a large bomber-type airplane 
nay he aunmarlied aa follows: 

1. With full-span flaps deflected and with the vent (located 
directly behind the spoiler) open or closed, the initial stalling 
of the wing occurred at the tips, however with the vents closed 
there probably would he no appreciable loss In lateral control 
until maximum lift was reached« 

2. The 1-percent vent Increased the rollln3 effectiveness 
of the spoiler at small spoiler deflections, particularly at the 
high ancles of attach with flaps deflected. 

3« With flaps deflected the 2-percent vent caused a large 
reduction In hoth the wing lift and rolling effectiveness of the 
spoiler at large angles of attack. However, at small angles of 
attack the 2-percent vent Increased the rolling effectiveness of the 
spoiler at small spoiler deflections. 

h.  The simultaneous operation of the spoiler and vent (in 
contrast to a vent fixed in the wing) would result In a large increase 
in the effectiveness of the spoiler and would avoid any loss In wing 
lift auch as resulted with the fixed-vent arrangement. 

9« The spoiler perforations reduced the rolling-moment and 
yawing •moment coefficients hut caused the spoiler hinge •moment 
coefficients to become more positive, particularly at large spoiler 
deflections. 

6. The spoiler slot (located on the lower edge of the spoiler) 
had no appreciable effect on the rolling-moment and yawlng-moment 
characteristics of the spoiler hut produced more positive spoiler 
hinge "moment coefficients at large spoiler deflections. 
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7. The effects produced tj the Individual spoiler aodifieaticns 
wn additive when various nodifleaticns «ex« conMned. 

8. In. general, progressively decreeelng the spoiler span toy 
waring the se&tnenta from the Inboard end of the spoiler caused 
a decrease In rolling effectiveness that «as approximately proportional 
to the span of the segaent. 

Iangley Manorial Aeronautical laboratory 
Rational Advisory Caunlttee for Aeronautics 

Iangley yield, VB,., June 80, I9U7 
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Fig. 7 

(a)   Front view. 

Figure 7.-   The outer 

(b)   Rear view, 

•panel spoiler with perforations at the partial-span 
wing model. 
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(b)   8f = 50°. 

Figure 19.-   Effectiveness of the plain spoiler for instantaneous operation of 
the 2-percent vent at various angles of attack; aileron neutral; 
R = 8,900,000;   M Z 0.18. 
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